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In 111 e Claims : 

Please cancel claims 18, 80-81, 86, and 89. Please amend claims 1, 1 1, 20, 81-84, and 
88* The claims are as follows. 

1 . (Currently amended) A solder composition, comprising a solder alloy, 
wherein the alloy is subslantially free of lead, 

wherein Iho alloy includes tin (Sn), silver (Ag), copper (Cu), and bismulli (Bi)[[.]l, 
wherein the lin has a weight percent concentration in the alloy of at least about 90%, 
wherein the silver has a weight percent concentration of X in the alloy, 
wherein X is sufficiently small that formation of AgjSn plates is substantially suppressed 

when the alloy in a liquefied state is being solidified by being cooled at to a lower temperature at 

which the solid Sn phase is nucleated, 

wherein iho lower temperatiurc corresponds to an undercooling 6T relative to the eutcctic 

melting temperature of the alloy, 

wlierein the copper has a weight percent concentration in tlie alloy not exceeding about 

1 .5%, and 

wherein the bismuth has a weight percent concentration in the alloy fi om 0.1% to about 

0.2%. 

2-4. (Canceled) 
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5. (Previously presented) The composition of claim 1, wherein the weight percent conccntrati 
of the tin in the alloy is in a range of 90% to 95%. 

6. (Previously presented) The composition of claim 1, wherein the copper weight percent 
concentration in the alloy docs not exceed about 0.9%. 



7-8. (Canceled) 

9. (Original) The composition of claim 1, wherein X does not exceed about 2.8%. 

10. (Original) The composition of claim 1, wherein X is in a range of about 2,6% to about 2.8%. 

11. (Currently amended) A method for forming an electrical structure, comprising: 

providing a first substrate and a first solder ball attached to a first electrically conductive 
pad that is coupled to tlie first substrdle, wherein the first solder ball comprises a solder alloy, 
wherein the alloy is substantially free of lead, wherein the alloy includes tin (Sn), silver (Ag), and 
copper (Cu), wherein tlie tin has a weight percent concentration in the alloy of at least about 
90%, and whcrem the copper has a weight pereenl concentration in the alloy not exceeding about 
1.5%; 

providing a second substrate and a second electrically conductive pad coupled to 
the second substrate; 

coupling the first solder ball to flic second pad; 
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melting the first solder ball by beating the first solder ball to form a modified solder ball; 

and 

solidifying Ihc modified solder ball by cooling the modified solder ball to a lower 
tcmperalurc at which the solid Sn phase is nucleated, and wherein the lower temperature 
corresponds to an undercooling 6T relative to tlie cutcctic melting temperature of the alloy, 
wherein the solidified modified solder ball is a solder joint tliat couples tlie first substrate to the 
second substrate, and wherein a silver wciglit percent concentration Xj in the modified solder 
ball is sufficiently small that formation of AggSn plates is substantially suppressed during said 
cnol InfT . and wherein said cooling the modified solder ball is at a coolinB rate in a range of about 
1 .2 °C/scc to a bout 3.Q °C/sec. 

12. (Previously presented) The method of claim 1 1, wherein the alloy further includes ajitimony 
at a weight percent sufficient to suppress tin pest formation in the solidified modified solder ball. 

13. (Original) The method of claim 1 1, wherein docs not exceed Xmax- wherein Xmax is tlic 
maximum silver weight percent concentration in the modified solder ball at which AgjSn plates 
are thcrmodynamically barred from being formed in the modified solder ball during said cooling. 

14. (Original) The method of claim 13, further comprising determining Xmax as a fiinction of 6T 
from a ternary phase diagram and associated tlienmodynamic data relating to a ternary mixture of 
Sn, Ag, and Cu. 
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15. (Original) The method of claim 1 1, wherein Iho first substrate comprises a chip carrier, and 
wherein the second substrate comprises a circuit card, 

1 6. (Original) Tlic method of claim 15, wherein the first solder ball is a ball grid anray (BGA) 
solder ball. 

17. (Original) The method of claim 11. wherein Uie first substrate comprises a chip, and wherein 
the second substrate comprises a chip canier. 

18. (Canceled) 

1 9. (Original) The method of claim 11, wherein does not exceed about 2.8%. 

20. (Previously presented) The nictliod of claim 18. wherein Xj does not exceed about 2.8%. 

21. (Original) The method of claim 11, wherein tho copper weight percent concentration in the 
modified solder ball does not exceed about 0.9%. 

22. (Previously presented) The method of claim 1 1, wherein the weight percent concentration of 
the tin 5n the alloy is in a range of 90% to 95%. 

23. (Original) The method of claim 11, wherein the second pad is a copper pad, and wherein the 
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copper weight percent concentration in the first solder ball does not exceed about 0,5%. 

24. (Original) Tlie melbod of claim 1 1, wherein tlie second pad is a nickel-gold pad. 

25. (Previously presented) The method of claim 1 1, wherein the alloy futlhcr includes bismuth, 
and wherein the bismudi has a wciglit percent concentration in the alloy from 0.1% to about 
0.2%. 

26. (Original) The method of claim 11, wherein coupling the first solder ball to the second pad 
comprises applying a flux to the second pad and placing the first solder ball in contact with the 
flux, 

27. (Original) The method of claim 11, 

wherein coupling the first solder ball to the second pad comprises applying a solder paste 
to U^e second pad and placing the first solder ball in contact with the solder paste, and 

wherein melting the first solder ball comprises melting the first solder ball and the solder 
paste by heating the fu^t solder ball and the solder paste, such that the melted solder paste is 
incorporated into the melted first solder ball to form the modified solder ball, and such that the 
modified solder ball includes the solder paste within the first solder ball. 

28. (Previously presented) The method of claim 27, wherein the soldei- paste includes a weight 
percent silver Xp that exceeds the silver weight percent concentration X, in the alloy of the first 

10/078,020 6 



PAGE 7/23 ' RCVD AT 5(4/2004 3:18:08 PM [Eastern Daylight Time^ 



11AY-04-04 TUE 02:34 PM 



FAX NO. 



P. 



solder ball, and wherein X^, - X, is at least 0.2%. 

29. (Previously presented) A method for forming a solder composition, comprising: 

providing a solder alloy, wherein the alloy is siibstanlially free of lead, wherein ihc alloy 
includes tin (Sn), silver (Ag), and copper (Qi), wherein the tin has a weight percent 
concentration in the alloy of at least about 90%, wherein the silver has a weight percent 
concentration in the alloy not exceeding about 4.0%, and wherein the copper has a wciglit 
percent concentration in the alloy not exceeding about 1.5%; 

melting the alloy by h eati ng the alloy; and 

solidifying the melted alloy by cooling the melted alloy at a cooling rate in a range of 
about 1.2 ""C/sec to about 3.0 ""C/scc. 

30. (Original) The method of claim 29, ftirthcr comprising, prior to said solidifying, selecting the 
cooling rate that is high enough to substantially suppress said AgjSn plate fomiation in the alloy. 

31. (Previously presented) The method of claim 29. wherein the weiglit percent concentralioa of 
the silver in the alloy does not exceed about 2.8%. 

32. (Previously presented) The method of claim 29, wherein the weight percent concentration of 
the tin in the alloy is in a range of 90% to 95%. 

33. (Original) The method of claim 29, wherein the copper weight percent conccnlralion in the 
10/078,020 7 
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melled alloy does not exceed about 0.9%. 

34. (Previously presented) The method of claim 29. wherein the alloy further includes antimony 
at a weight percent sufficient to suppress tin pest formation in tlie solidified alloy, 

35. (Previously presented) The method of claim 29, wherein the alloy further comprises bismuth, 
and wherein the bismuth has a weight percent concentration in the alloy from 0.1 % to about 
0.2%. 

36. (Previously presented) A method for foming an electrical structure, compTtsing: 

providing a first substrate and a first solder ball attached to a first electrically conductive 
pad that is coupled to the first substrate, wherein the fiist solder ball comprises a solder alloy, 
wherein the alloy is substantially free of lead, wherein the alloy includes tin (Sn), silver (Ag), and 
copper (Cu), wherein the tin has a weight percent concentration in the alloy of at least about 
90%, wherein the silver has a weight percent concentration in the alloy not exceeding about 
4.0%, and wherein the copper has a weight percent concentration in the alloy not exceeding 
about 1.5%; 

providing a second substrate and a second electrically conductive pad coupled to 
the second substrate; 

coupling the first solder ball to tlie second pad; 

melting the first solder ball by heating the first solder ball to form a modified solder ball; 

and 
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solidifying the modified solder ball by cooling the modified solder ball at a cooling rate in 
a range of about L2 ""C/sec to about 3.0 "^C/sec. 

37. (Previously presented) The method of claim 36, wherein the alloy furflier comprises bismuth 
at a weight percent conccntralion iii the alloy from 0,1% to about 0,2. 

38. (Original) The method of claim 36, wherein the first substrate comprises a chip carrier, and 
wherein the second substrate comprises a circuit card, 

39. (Original) The method of claim 38, wherein the first solder ball is a ball grid array (BGA) 
solder ball. 

40. (Original) The method of claim 36, wherein the first substrate comprises a chip, and wherein 
the second substrate comprises a chip carrier, 

41. (Previously presented) The method of claim 36, wherein the weight percent concentration of 
the silver in the alloy does not exceed about 2,8%. 

42. (Previously presented) The method of claim 36, wherein tlie weight percent concentration of 
the tin in the alloy is in a range of 90% to 95%. 

43. (Original) The method of claim 36, wherein the copper weight pencent concentration in the 
10/078,020 9 
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44. (Original) The method of claim 36, wherein the second pad is a copper pad. 

45. (Original) The meUiod of claim 36, wherein the second pad is a copper pad, and wherein the 
copper weight percent concentration in the first solder ball does not exceed about 0.5%. 

46. (Original) The method of claim 36, wherein the second pad is a nickel-gold pad. 

47. (Previously presented) The method of claim 36, wherein tlie alloy further inchidcs antimony 
at a weight percent sufficient to suppress tin pest formation in the modified solder ball. 

48. (Original) The method of claim 36, wherein coupling the first solder ball to the second pad 
comprises applying a flux to the second pad and placing the first solder ball in contact with the 
(lux. 

49. (Original) The method of claim 36, 

wherein coupling the fust solder ball to the second pad comprises applying a solder paste 
to Uic second pad and placing the first solder ball in contact with the solder paste, and 

wherein melting the first solder ball comprises melting the first solder ball and the solder 
paste by healing the first solder ball and the solder paste, such that the melted solder paste is 
incorporated into the meUed first solder ball to fonn the modified solder ball, and such that the 
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modified solder ball includes tlie solder paste within the first solder ball 

50. (Previously presented) A prc-solderiiig electrical structure, comprising: 

a first substrate and a first solder ball attached to a first electrically conductive pad that is 
coupled to the first substrate, wherein the first solder ball comprises a solder alloy, wherein the 
alloy is substantially free oflead, wherein the alloy includes tin (Sn), silver (Ag), copper (Cu), 
and bismuth (Bi), wherein the tin has a weight percent concentration in the alloy of at least about 
90%, and wherein the copper has a weight percent concentration in the alloy not exceeding about 
1 .5%, and wherein the bismuth has a weight percent concentration in the alloy from 0.1% to 
about 0,2%; 

a second substmte and a second electrically conductive pad coupleti to the second 
substrate, wherein tlie first solder ball is coupled to the second pad, wherein the first solder ball is 
adapted to being melted by being heated to form a modified solder ball, wherein Ihc modified 
solder ball is adapted to being sol idificd by being cooled to a lower temperature at which the 
solid Sn phase is nucleated, wherein the lower temperature corresponds to an undercooling 6T 
relative to the cutcctic melting temperature of the alloy, wherein the solidified modified solder 
ball is a solder joint that couples the first substrate to the second substrate, and wherein a silver 
weight percent concentration in the modified solder ball is sufficiently small that formation of 
AgjSn plates arc substantially suppressed during said cooling, 

51 . (Original) The electrical structure of claim 50, wherein the alloy of the first solder ball has a 
silver weight percent concentration Xi, and wherein Xj has a predetermmed value based on X^ 
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being sufficiently small that formation of said AgjSn plates is substantially suppressed during 
cooling of said modified solder ball. 

52. (Original) The electrical structure of claim 50, wherein docs not exceed Xmax» wherein 
Xmax is the maximum silver wciglit percent concentration in the modified solder ball at which 
AggSn plates arc thermodynainicaUy barred from being formed in the modified solder ball during 
said cooling. 

53. (Original) The electrical structure of claim 52, wherein Xmax is a function of 6T, said 
function being derived from a ternary phase diagram and associated thermodynamic data relating 
to a ternary mixture of Sn, Ag, and Cu . 

54. (Original) The electrical slmeturc of claim 50, wherein the first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit cai-d, 

55. (Original) The electrical structure of claim 54, wherein the first solder ball is a ball grid array 
(BGA) solder ball. 

56. (Original) The electrical structure of claim 50, wherein the first substrate comprises a chip, 
and wherein the second substrate comprises a chip carrier, 

57. (Previously presented) The electrical structure of claim 50, the weight percent concentration 
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of Ihe tin in the alloy is in a range of 90% to 95%. 

58. (Original) The electrical structure of claim 50. wherein Xj does not exceed about 2.8%. 

59. (Original) The electrical structure of claim 50. wherein the solder paste includes a weight 
percent silver X,. that exceeds X„ wherein X, is the wciglit percent silver in the first solder ball, 
and wherein X2 - X, is at least 0.2%. 

60. (OrigiJial) The electrical structure of claim 50, wherein the copper weight percent 
concentration in the modified solder ball during cooling is sufficiently small that the pasty range 
of the modified solder ball during cooling docs not exceed about 1 0 *C. 

61. (Original) The electrical structure of claim 50, wherein the copper weight percent 
conccnlration in the modified solder ball does not exceed about 0.9%. 

62. (Canceled) 

63. (Previously presented) The electrical structure of claim 50, wherein the second pad is a 
copper pad, and wherein the copper weight percent concentration in the first solder ball does not 
exceed about 0.S%. 

64. (Original) The electrical structure of claim 50, wherein the second pad is a nickel-gold pad, 
10/078,020 13 
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65-66. (Canceled) 

67. (Original) The electrical structure of claim 50, wherein the first solder ball is coupled to iho 
second pad by a flux that is appUed to the second pad such that the first solder ball in contact 
with the ilux. 

6S. (Original) The electrical structure of claim 50, 

wherein the first solder ball is coupled to the second pad by a solder paste that is applied 
to the second pad such that Ihc first solder ball in contact with the solder paste; and 

wherein the first solder ball is adapted to being melted by heating the first solder ball and 
the solder paste, such that the melted solder paste is incorporated into tlie melted first solder ball 
to form the modified solder ball, and such that the modified solder ball includes the solder paste 
within the first solder ball. 

69. (Previously presented) A post-soldering electrical structure comprising: 
a first substrate; and 

a second substrate, wherein the first substrate is coupled to tlie second substrate by a 
solder joint, wherein the solder joint comprises an alloy, wherein the alloy is substantially free of 
lead, wherein the alloy includes tin (Sn), silver (Ag), copper (Cu), and bismuth (Bi), wherein the 
tin has a weight percent concentration in the alloy of at least about 90%, wherein the silver has a 
weight percent concentration in the alloy of Xj, wherein X2 is sufficiently small that AgjSn plates 
arc substantially absent in the solder joint, wherein the copper has a wciglit percent concentration 
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in the alloy not exceeding about 1.5%, and wherein the bismuth has a weight percent 
concentration in the alloy from 0.1 % to about 0.2%. 

70. (Previously presented) The electrical structure of claim 69, wherein the weight percent 
concentration of the tin in the alloy is in a range of 90% to 95%, 

71. (Original) The electrical structure of claim 69, wherein tlie first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit card, 

72. (Original) The electrical structure of claim 71 wherein the solder joint includes a ball grid 
array (BGA) solder ball. 

73. (Original) The electrical structure of claim 69, wherein the first substrate comprises a chip, 
and wherein tlie second substrate comprises a chip carrier, 

74. (Canceled) 

75. (Original) The electrical structure of claim 69, wherein does not exceed about 2,8%. 

76. (Canceled) 

77. (Original) The electrical slrucliu-c of claim 69, wherein tlie copper weight percent 
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concentration in the solder joint does not exceed about 0.9%. 
78-79. (Canceled) 
80-81. (Cancelled) 

82. (Currently amended) The solder coinposition of claim m 83, wherein the alloy furlher 
includcs anluTiony at a weight percent sufficient to suppress tin pest fomiation in the alloy during 
a subsequent cooling of the alloy. 

83. (Cnrrcnlly amended) Thtrco mpusitiou of claim 1 ; A solder composition, comprising a solder 
alloy, 

wherein the alloy is subs tantiall y free of lead. 

wherein the alloy includes tin (Sn), silver (As), copper (Cu), and bismuth 

wherein the tin has a wcipht percent concentration in the alloy of at le ast about 90%. 

wherein the silver has a weight percent concen tration of X in the alloy. 

wherein X is saflleicntly small that formation of Atz ^Sn plates is substantially sunnrcsscd 
when the allov in a liquefied estate is being solidiricd by being cooled at to a lower temperat ufff at 
wi nch the solid Sn phase is nucleated, 

wherein the lower temperature corresponds to an undercooling 5T relative to the euteetie 
melting t em perature oFthc alloy, 

wherein the bismuth has a weight percent concentration in the allo v from 0.1% to about 
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0.2%.. and 

wherein Ihe copper has a weight percent concentration in the alloy docs not cxcccdiog 
about 0.9%. 

84. (Currently amended) A method for forming a solder composition, comprising: 

providing a solder alloy, wherein the alloy is substantially free of lead, wherein the alloy 
includes tin (Sn). silver (Ag), and copper (Cu), wherein the tin has a weight percent 
concentration in the alloy in a range of 90% to 95%, wherein the silver has a weight percent 
concentration in the alloy not exceeding about 4.0%, and wherein the copper has a weight 
percent concentration in the alloy not exceeding about 1.5%; 

melting the alloy by heating the alloy; and 

solidifying the molted alloy by cooling the mchcd alloy at a cooling rate that is high 
enough to substantially suppress AgjSn plate formation in the alloy during said cooling^ wbcrein 
the coolinji rate is in a range of about 1.2 X/sec to about 3 .0 °C/sec. 

85. (Previously presented) The method of claim 84, wherein the cooling rate is at least 1 .2 
°C/scc. 

86. (Canceled) 

87. (Previously presented) The method of claim 84, wherein the weight percent concentration of 
silver in the alloy docs not exceed about 2.8%. 
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